Abstract. This article is to assess the modeling treatment of the growth kinetics (finite or infinite diffusion in liquid and solid phases) during solidification and its influence on the calculation of macrosegregation. A model of diffusion-governed growth kinetic for ternary alloy is developed and used for this assessment. Solidification of a 2D casting (50 x 50 mm 2 ) of a ternary alloy (Fe-0.45 wt.% C-1.06 wt.%Mn) is considered. The result shows that finite diffusion in liquid, important for the initial stage of solidification, plays very important role in the formation of macrosegregation. Moreover, the role of the finite diffusion kinetics in the formation of macrosegregation shows differently in the two extreme cases of solidification structures (columnar or equiaxed).
Introduction
Macrosegregation depends on the flow and sedimentation on the one hand, and on the concentration difference between the interdendritic (or inter-granular) liquid and the solidifying crystals on the other hand. This concentration difference originates from the solute partitioning at the liquid/solid interface, but it depends strongly on the diffusion kinetics around the growing crystal as well. c . However, many recent solidification models applicable for macrosegregation [1] [2] [3] [4] [5] are based on the assumption of lever rule ( kc , thermodynamic equilibrium at the interface and infinite fixing in liquid and no diffusion in solid). These assumptions lead to error estimation of macrosegregation [6] . We recently developed a method incorporating the diffusion-governed growth kinetics and the ternary phase diagram into a multiphase volume average solidification model [7] [8] [9] . The influence of the diffusion-governed kinetics on the formation of microsegregation and solidification path was investigated previously [7] . Here we use the same model to investigate the influence of the diffusion kinetics on the formation of macrosegregation. 
Numerical model and simulation settings
The numerical model was presented previously [7] [8] [9] [10] [11] . Key features are: The diffusion-governed growth, an example of a globular equiaxed crystal, is schematically shown in Fig. 1 . The crystal growth is governed by diffusion in both liquid and solid [7] : l are diffusion lengths. For the growth of columnar trunk, the same formulation applies, but the subscript 'e' is replaced by 'c'. For a ternary alloy, the growth velocities derived according to solute element A and B must fulfill a consistent condition, i.e. 
With this consistent condition, together with other three thermodynamic correlations, 2 ) of a ternary alloy (Fe-0.45 wt.% C-1.06 wt.%Mn) with two different solidification structures (columnar or equiaxed) is calculated. The casting is cooled from an initial temperature of 1777 K in a die of 373 K, and the heat transfer coefficient between the casting and the die is 300 Wm -2 K -1 . All the thermo-physical and thermodynamic data refer to a previous publication [7] . 6 Cases were calculated, Table 1 .
Results
The severity of macrosegregation is assessed by two quantities: the local macrosegregation index (LMI i ) and the global macrosegregation intensity (GMI i ). They are defined as: 
Distributions of the predicted LMI i of different simulation cases are shown in Fig. 2-3 . The predicted GMI i and extremes of LMI i,min and LMI i,max are summarized in Table 1 .
For the cases of columnar solidification ( Fig. 2 and ) and GMI i increase in an order of Col-II, Col-I, Col-III. Gulliver-Scheil slightly underestimates macrosegregation, while lever-rule overestimates macrosegregation. 2) Meso-segregation (small channel) would be predicted by Gulliver-Scheil and lever rule kinetics, while the diffusion governed kinetic did not predict such meso-segregation. Both Gulliver-Scheil and lever rule kinetics overestimate meso-segregation. 3) C is more prone to macrosegregation than Mn. ) and GMI i increases significantly in an order of Eqx-I, Eqx-II, Eqx-III. Both Gulliver-Scheil and lever rule kinetics dramatically overestimate macrosegregation. 2) C is more prone to macrosegregation than Mn. With the progress of solidification, the solute enriched melt in the mush becomes lighter, tends to rise. At a certain moment, the solutal convection overtakes the thermal convection, the flow direction in the mush near the columnar tip front will reverse (Fig.  4(d) ). The moment and location of the reversion of flow direction depend on (1) the intensity of the solute enrichment in the mushy zone; (2) the thickness and (3) the permeability of the mushy zone. For the finite diffusion-governed kinetic (Col-I), the solute in the mushy zone is less enriched than for the other two cases of infinite-mixing kinetics (Col-II and Col-III), but the thickness of the mushy zone in cases Col-I and Col-II is larger than in the case Col-III. The predicted columnar tip front of the case Col-I moves much faster than Col-II and Col-III. How the diffusion kinetics influences the mushy zone was investigated by Zaloznik and Combeau [6] , will not be repeated here. The reason why the segregation in Col-I is more severe than in Col-II is due to the larger moving velocity of the columnar tip front, hence the larger mush zone thickness and larger mush permeability. The predicted largest segregation intensity of Col-III is mainly due to the interdendritic melt 88 Solidification and Gravity VI
